Abstract This paper is a study on the design of microwave waveguide filter suitable for micromachining process. Novel structure and processes are introduced which allow accurate fabrication of low loss waveguide filter. This new technique applies micro-fabrication processes to improve fabrication accuracy. A W-band micromachined rectangular waveguide filter utilizing SU-8 micromachining with CPW input and output ports has been designed. Simulated frequency responses exhibit insertion loss of 1.18 dB across 1 GHz bandwidth for W-band frequency range centered at 93 GHz with return loss better than -20 dB.
INTRODUCTION
here is an increasing demand and interest in a variety of applications for microwave filters. In the millimeter-wave region, distributed element microwave circuits always demand low loss transmission lines. Planar form of transmission line such as coplanar waveguide (CPW) have become one of the most widely used transmission lines in monolithic microwave integrated circuits (MMICs) due to the simplicity of fabrication and its ability to easily integrate series and shunt elements [1] - [3] . However, rectangular waveguides still play an important role, especially in very high frequency systems, where the loss of such waveguide is significantly less than that of popular planar transmission lines. For filter, CPW filters are seldom used in the millimeter-wave range due to their large insertion loss, thus rectangular waveguide filter is preferred in terms of loss performance. Since CPW and rectangular waveguide together play an important role as microwave devices, effective transitions between the two are required in many applications.
As the design frequency gets higher, the circuit dimensions become smaller and shrinks inversely proportional to frequency. Due to their small size at microwave frequencies, it is difficult to machine the components precisely using conventional techniques. Micromachining therefore offers an alternative technology. Micromachining is a process of machining components using chemicals to achieve fine structures with great accuracy and is suitable for making devices at millimeter-wave frequencies.
This paper will introduce a new configuration of low loss rectangular waveguide filter that is compatible for integration with planar waveguide structure, in this case CPW. The CPW to rectangular waveguide transition is built on the same substrate, giving both advantages of having planar and nonplanar form. The transition design is simple enough and requires only minimum mechanical assembly during the micromachining process. SU-8 will be utilized in the design because it allows structures with high aspect ratios to be fabricated with near-vertical sidewalls and cheaper compared to LIGA.
II.
MICROMACHINED WAVEGUIDE FILTER WITH CPW I/O

PORTS
The filter is composed of three hollow waveguide resonator embedded in a substrate. Conventional filter design techniques will be applied here [5] . A three-pole Chebychev narrowband bandpass filter with CPW input and output ports has been designed utilising the resonator in " Fig These requirements are arbitrarily selected for demonstration of filter design at W-band frequencies which can be applied for W-band radar applications.The filter design parameters are shown in Table I . In this section, the method of extracting the external quality factor and the coupling coefficients will be addressed. To find the external quality factor, the set up illustrated in " Fig. 2 " is used in a 3D electromagnetic CAD simulator [7] . The CPW to rectangular waveguide transition structure in " Fig. 2 " consists of the slots of coplanar waveguide being bent at an angle of 900. Each slot that has been bent acts as a short circuit where the electric field is minimal at the shorted end; therefore the electric field is maximized at the discontinuity of the centre strip conductor. The dimension of slot length in " Fig. 2 " is varied, and the external quality factor is calculated using (1) [5] for each length. (1) where fo is the centre frequency and BW3dB is the bandwidth at 3 dB roll-off.
The external quality factor for various values of slot length is plotted in "Fig. 3 ". According to " Fig. 3 To calculate the couplings between resonators, the set up in " Fig. 4 " is used in a 3D electromagnetic CAD simulator [5] . 
RESULT AND DISCUSSION
Using the calculated design parameters in Table I and Note that the slot length in " Fig. 7 (b)" is 410 gim, which is very near to the initial value of 409.5 tm from " Fig. 3 ". The optimised value of lkcij which is 460 tm in " Fig. 7 (a)" is also very near to the initial value of 458 tm from " Fig. 3 ". This indicates that the design method are correct.
where fi and f2 are two frequency peaks generated by the 
